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€) Non-oriented gear tooth sensor using a Hail cell. 

® A non-oriented direct coupled sensor (26q for 
gear teeth or similarly shaped discontinuities of a 
ferromagnetic target uses a single magnet (30) and a 
direct coupled Hall cell integrated circuit (34) to 
detect the presence or absence of gear teeth. The 
sensor (26) incorporates techniques for flux steering 
I and flux reversals independent of the orientation of 
[the sensor to the target to overcome the operate or 
release point of a Hall switch, latch or other device. 
I The use of spaced apart offset flux concentrators 
>(32a. 32b) provides a sensitive device with favorable 
tolerances in temperature and air gap. 
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Non-oriented gear tooth sensor using a l-lail cell. 



The Invention relates to a gear tooth sensor to 
sense the presence or absence of gear teeth or 
similar shapes as they rotate past a senor. com- 
prising: 

a single permanent magnet; 

a Hall cell integrated circuit positioned adjacent to 
one polar end of said magnet such that the flux 
lines from said magnet have essentially no compo- 
nent perpendicular to the planar face of said Hall 
cell; 

means to steer and concentrate the flux lines of 
said magnet perpendicular to the planar surface of 
said Hall cell when said flux lines are modulated by 
the presence of a ferrous gear tooth or similar 
shape, said means including a pair of spaced apart 
flux concentrators of soft iron material secured to 
said magnet and one of which is positioned on 
each side of at least a portion of the planar face of 
said Hall cell. 

Sensors of this kind (see e.g. U.S. A- 
4.204.158) can be used as motion, edge, frequency 
and speed sensors or counting devices. In particu- 
lar, they are used as gear tooth sensors which 
sense the presence or absence of gear teeth as 
they rotate past a sensor device. 

As a preliminary note, the basic Hall sensor is 
simply a small sheet of semiconductor material. A 
constant voltage source forces a constant bias cur- 
rent to flow in the longitudinal direction in the 
semiconductor sheet. The output a voltage mea- 
sured across the width of the sheet, reads near 
zero if a magnetic field is not present. If the biased 
Hall sensor is placed in a magnetic field oriented at 
right angles to the Hall current, the voltage output 
is in direct proportion to the strength of the mag- 
netic field. This is the Haii effect discovered by 
E.H. Hall in 1879. The basic Hall sensor is essen- 
tially a transducer that will respond with an output 
voltage if the applied magnetic field changes in any 
manner. Information about Hall sensors, also Icnown 
as Hall cells. Is widely available in the literature. 

The prior art has taught that when a Hall cell is 
placed in a magnetic field such that lines of mag- 
netic inducation (flux) are normal (perpendicular) to 
the plane of the cell, an electric unbalance occurs 
which can be used to detect this field. This princi- 
ple of operation is well documented in '*Sprague 
Integrated Circuits Data Book", WR-503. In Section 
9. published by Spragu© Electric Company, North 
Adams. Mass. Generally it is recognized that Hall 
celts, including the integrated electronic circuits, 
can be operated by a unidirectional field where the 
parameter B (flux density) expressed in Gauss can 
be modulated by sufficient means to produce a 
level of flux either below or above a threshold level 



which is established by either a bias flux level or 
by an electronic bias in the circuit reading the Hall 
cell. This type of component is termed a Hall ► 
digital switch, and is typified by Sprague UQN 

5 3040T described on page 9-11 of the above-cited 
Sprague Data Book. 

It is also recognized that these Hall cells, in- 
cluding the integrated electronic circuits, can be 
operated by a bidirectional field wherein the param- 

10 eter B (flux density) expressed in Gauss can be 
alternated in polarity to produce ftux passing 
through the cell first in one direction and then in 
the other direction. This type of component is 
termed a Hall digital latch and is typified by UGN 

75 3075T on page 9-15 of the above-cited Sprague 
Data Book. 

The Sprague Data Book also illustrates a tech- 
nique for detecting what could be termed "gear 
teeth", but this technique has the disadvantage that 

20 the elctronics are A-C coupled and therefore can- 
not be used where direct coupling is required. 

U.S. Application 4.204.158 discloses a tech- 
nique for a direct coupled gear tooth sensor, in 
which a permanent magnet has two extensions of 

25 soft iron appended to one polar end. These two 
extensions are flux steering parts or concentrators. 
A Hall cell integrated circuit package is placed 
between the two concentrators such that the planar 
surface of the Hail cell is parallel to the interior 

30 planar surfaces of the two flux concentrators. With 
the two concentrators appended to one polar end 
of the magnet and a Hall celt integrated circuit 
positioned between the two concentrators, the nor- 
mal flux lines at the center of the end of the 

35 magnet will be substantially parallel to the planar 
surface of the Hall cell. As a gear tooth passes one 
of the two flux steering concentrators, the flux is 
steered through the concentrators to produce a 
component perpendicular to the Hall ceil. 

40 In this known magnetic sensor, the sensor and 

the gear being sensed must have some specific 
orientation relative to each other such that a pass- 
ing gear can modulate the flux field to produce a 
level of flux above or below a threshold, or such 

45 that a passing gear can alternate the polarity of the 
flux field, either of which can be detected and 
interpreted. 

It is an object of the present invention to pro- 
vide a sensor that overcomes the need for relative 
50 orientation by incorporating a unique configuration 
of flux steering guides and a Hall cell. 

The sensor according to the invention is char- 
acterized In that a first flux concentrator is posi- 
tioned on a first planar side of said Hall cell such 
that said first flux concentrator has one end even 
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with the center Ime of §B^HaII cell, thereby being 
adjacent to and spaced apart fronn a first half of 
said first planar side of said Hall cell, and a second 
flux concentrator is positioned on an opposed sec- 
ond planar side of said Hall cell such that said 
second flux concentrator has one end even with the 
center line of said Hall cell, thereby being adjacent 
to and spaced apart from a second half of said 
planar surface side of said Hall cell. 

Each of the flux concentrators extends outward 
from the center tine of the Hall cell circuit in 
opposed directions, forming a stepped arrange- 
ment. By placing the one edge of each flux con- 
centrator at the center of the Hall cell in the 
stepped anrangement. the Hall cell will operate 
independently of its relative orientation towards the 
gear because the concentrators are more effective 
in directing and concentrating more of the flux 
tiirough the area of the Hall cell Itself than other 
embodiments. This concentration of flux through 
the Hall cell improves the sensitivity of the sensor. 
A further advantage is that a greater air gap is 
possible in many applications and with some sizes 
of gears. In certain applications, the air gap can be 
optimized when the top surfaces of the flux guides 
are flush witti tiie top edges of tiie Hail cell pack- 



The invention will now be explained in detail 
witii reference to the drawings, in which 

Rgures 1, 2 and 3 are diagrammatic views 
of a gear tooth sensor showing a gear approaching 
the sensor In Rgure 1 . tiie gear centered under the 
sensor in Rgure 2, and the gear leaving the sensor 
in Rgure 3; 

Rgure 4 is a perspective view of an enribodl- 
ment of the non-oriented direct coupled gear sen- 
sor of the present invention, the sensor being situ- 
ated in a cylindrical housing, partially cut-away in 
the figure; 

Rgure 5 is a perspective view of the sensor 
of Rgure 4; 

Rgure 6 is a top view of the sensor of Rgure 

4. 

Rgure 7 is a top plan view of tfie gear 
sensor of Rgure 4 showing the concentration of 
flux lines through the sensor when the sensor has a 
flrst orientation to a gear tooth; 

Rgure 8 Is a top plan view of the gear 
sensor of Rgure 4 showing the concentration of 
flux lines through the sensor when the sensor is 
rotated 90" from the first orientation to a gear 
tooth. 

An embodiment of the non-oriented direct 
coupled gear sensor of the present Invention is 
illustrated in Figures 4 through 6 of the drawings. 
To understand the contribution of this invention in 
contest, the type of gear tooth sensors, to which 
the invention pertains, will be discussed first. 



A gear tooB^ensor using a single magnet and 
a Hall cell integrated circuit to sense the presence 
or absence of gear teeth as they rotate past the 
sensor, is illustirated in Rgures 1 . 2 and 3. In these 
5 figures, a permanent magnet 1 0 has joined thereto 
two spaced apart protrustions on one polar end. 
these protrusions serving as flux steeering parts or 
fiux concentrators 12. Rux concentrators 12 are 
made of substantially soft iron material. A Hail cell 
TO integrated circuit 14 which can have a as a part 
tiiereof either a digital latch or a digital switch is 
positioned between said flux concentrators 12. tiie 
plane of said Hall cell being substantially parallel to 
the interior planar sides of flux concentrators 12. In 
15 tiie embodiment of Rgures 1, 2 and 3, Hall cell 
intergrated circuit 14 is recessed within magnet 10. 

The reason that tfie integrated circuit 14 is 
recessed in the planar surface of magnet 10 is tiiat 
tiie Hall cell itself is only a small portion of tiie 
20 integrated circuit paclcage. For the invention to op- 
erate optimally, tiie Hall cell itself should be as 
close as possible to the planar surface of one polar 
end of magnet 10. Therefore, the integrated circuit 
package 14 Is recessed to achieve this goal. Obvi- 
25 ously, if the package were recessed too deeply 
such tiiat the Hall cell itself were recessed, the 
sensor would not operate. In these figures the flux 
lines represent only the path and direction of tfie 
fiux through concentrators 12. They do not indicate 
30 tfie intensity or sti^ngth of the flux. As gear teeth 
rotate past the Hall cell In circuit 14. ttie fiux 
perpendicular to tiie face or plane of the Hall cell is 
zero when a tooth is directiy balanced below the 
Hall ceil and the flux concentrators 12. As a given 
35 tooth is displaced to one side or the other, the ffux 
is steered through one of the concentrators 12 to 
produce a component perpendicular to tiie Hall 
cell, causing a complete flux reversal with each 
passing gear tootti. This is illustrated in Rgures 1 , 
40 2 and 3. in which a gear having teeth 16, 18 and 20 
is shown rotating in a clockwise direction. As gear 
tooth 16 is departing from the flux around magnet 
10. tiie flux lines thereto become weaker while tiie 
leading edge of gear tootti 18 Is entering tiie field 
45 just below flux concentrators 12 and Hall cell in 
circuit 14. The effect is ttiat some of the flux lines 
from the right hand concentrator 12 will be steered 
perpendicular to tiie Hall cell and downward to the 
leading edge of gear tooth 18 as shown in Rgure 1 
50 (flux path Bi). When gear tooth 18 is fully centered 
under flux concentrators 12 and Hall, cell in circuit 
14, ttie normal flux patterns will prevail and there 
will be no component of the flux perpendicular to 
Hall cell in circuit 14. as shown in Rgure 2 (flux 
55 path Ba). As the trailing edge of gear tooth 18 
moves out of the flux pattern, some flux lines from 
the left concentrator 12 are steered perpendicular 
to tiie Hall ceil and ttien down toward tiie trailing 
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edge of tooth 18 causing a flux reversal from the 
flux pattern of Rgure 1 , as is illustrated in Rgure 3 
(flux path B3). In this embodiment the HatI cell 
could be the model 3050 latch of Sprague. It is the 
horizontal component of the flux passing through 5 
one concentrator to the plane of the Hall cell to an 
approaching or departing gear tooth which causes 
the flux reversal, in this embodiment, the con- 
centrators 1 2 serve to steer the flux to and across 
the Hall ceil. In the balanced condition illustrated in 70 
Rgure 2 the flux lines have no component per- 
pendicular to the face of the cell. 

Rgure 4 is a perspective view of an embodi- 
ment of the non-oriented direct coupled gear sen- 
sor 26 of the present invention, wherein the non- 75 
oriented sensor is shown positioned in a cylindrical 
housing 28. When the sensor in its housing is 
installed in a working environment, it may not al- 
ways be possible, to control its orientation vis-a-vis 
a gear whose teeth it senses, in a typical magnetic 20 
sensor, the sensor and the gear being sensed must 
have some specific orientation relative to each oth- 
er such that a passing gear can modulate the flux 
field to produce a level of flux above or below a 
threshold, or such that a passing gear can alternate 25 
the polarity of the flux field, either of which can be 
detected and interpreted. The non-oriented sensor 
of the present invention overcomes the need for 
relative orientation by incorporating a unique con- 
figuration of flux steering guides and a Hall cell. 30 

Turning now to Rgures 5 and 6. the non- 
oriented direct coupled gear sensor 26 of the 
present invention comprises a permanent magnet 
30, which may be of any suitable shape, a Hall cell 
integrated circuit 34 positioned perpendicular to the 3S 
planar surface 36 of one polar end of said magnet, 
and a pair of flux concentrators 32a and 32b. The 
Hall ceil integrated circuit package 34 includes a 
Hall cell and appropriate circuitry to constitute a 
digital switch or a digital latch, such a Sprague 40 
UGN 3040T or UGN 3075T, respectively. Thus the 
Integrated circuit package 34 is significantly larger 
tiian the Hall cell itself contained therein. For the 
optimal performance of the sensor of the present 
invention, the Hall cell contained in integrated cir- 45 
cuit 34 should be perpendicular to the plane of 
polar surface 36 of permanent magnet 30 and as 
close to said surface as possible. For tiiis reason 
the Hall cell integrated circuit 34 is recessed slight- 
ly into magnet 30. Obviously, the Hall cell itself so 
must be above surface 36; only other portions of 
the package are recessed. 

Flux concentrators 32a and 32b are protrusions 
of soft iron or a similar material perpendicular to 
polar surface 36 and positioned on either side of ss 
Hall cell integrated circuit 34 such that an interior 
planar surface of flux concentrator 32a is substan- 
tially parallel to and adjacent to a first half of a first 




planar surface 35a of integrated circuit 34. while an 
interior planar surface of flux concentrator 32b is ^ 
substantially parallel to and adjacent to a second 
half of a second planar surface 35b of integrated 
circuit 34. said first and second planar surfaces !► 
being on opposed sides of integrateo circuit 34 and 
said first and second halves being displaced rela- 
tive to one another. Thus flux guide 32a isposition- 
ed such that one edge is substantially even with a 
perpendicular center line through Hall cell inte- 
grated circuit 34, on a first said of said circuit. Flux 
guide 32b is positioned such that one edge is 
substantially even with a perpendicular center line 
through Hall cell integrated circuit 34, on a second 
side of said circuit. The flux concentrators have no 
fixed size or dimensions, but neither one can ex- 
tend beyond the centeriine of the Hall cell circuit. 

It is advantageous that the height of theflux 
concentrators 32a. 32b and the Hall cell package 
34 be equal so that their top edges are flush. Such 
height relationship permits an optimal air gap in 
many applications. 

Thus the invention is a novel way of using a 
non-oriented direct coupled Hall device with a sin- 
gle magnet for sensing gear teeth or other discon- 
tinuities of iron targets. The preferred embodiment 
of Rgures 4 through 8 shows a typical configura- 
tion with flux concentrators. In this configuration 
changing the distance between the gear tootii and 
the edge of the Hall cell within nominal practical 
limits does not radically effect the Hall cell opera- 
tion. This is one of the features of the invention in 
that tolerances are more liberal than with prior art 
devices. Rgures 7 and 8 show conditions which 
obtain as a gear tooth passes the Hail cell in the 
direction indicated by the arrow A, when the sensor 
has a first orientation (similar to the orientation 
shown in figures 1 - 3) as in RgurelO. or rotated 
90*" from tiie first orientation (non-oriented) as in 
Rgure 11. In these figures the magnetic flux B is 
represented by the flux paths B7 and 88 respec- 
tively. The direction of 8 is changed by the pres- 
ence of the gear tooth such that a component of B 
is perpendicular to the plane of the Hail cell. As tiie 
tooth advances the direction of B reverses the 
component of B perpendicular to the plane of the 
Hall cell. An important parameter is the magnitude 
of the component of tiie B vector which is per- 
pendicular to the Hall cell. 

There are several factors which influence the 
performance of the sensor. These are the size of 
the gear teeth including ther spacing between 
them; tiie closeness of the teeth to the Hall ceil 
which is buried in the Hall cell package; the mag- 
nitudfe of theflux which is available to be modu- 
lated by the gear teeth; the sensitivity of the Hall 
digital latch; tiie enhancements of flux guides or 
concentrators and the thinness of the Hall cell 
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package. The packagin^VT the Hall ceil has to be 
done with optimization of the package placing the 
sensitive plane of the Hall cell such that it is 
accessible by flux through the smallest dimension 
of the package for optimal operation. 5 

The flux guides or concentrators 32a, 32b im- 
prove the overall perfonmance of the sensor. The 
concentrators are usually proportional to the Hall 
cell package size which can vary from device to 
device. It is recognized that the specific dimen- 10 
sions of the corrcentrators must be optimized in 
shape and size to obtain maximum perfomnance. 

It should be noted that the precise configura- 
tion of the magnet 30 whether it be a hexahedrai or 
a cylindrical shape is not relevant to the function of 15 
the invention. In the drawings, the three package 
leads of the Hall cell are shown as either three dots 
or three short parallel lines. 

The Hall cell is basically being used to sense a 
ferrous or other ferromagnetic object directly, and 20 
not the conventional way by passing a magnet or 
by interrupting a magnetic field with a vane as 
used on most of the ignition systems in the auto 
industry. The invention enables one to bend or 
steer and concentrate the linesd of flux to over- 2s 
come the operate or release point of a particular 
Hall device. The preferred embodiment is in effect 
a better mechanical device than heretofore known 
and it relies upon steering and concentration of the 
flux lines one way and then the other to achieve a 30 
flux reversal. This arrangement makes it possible to 
manufacture a very sensitive device with consis- 
tency and reliability. 

Variations in the placement of the flux con- 
centrators and the Hall cell integrated cirucit as 3S 
well as their angular position on one polar surface 
of the magnet are possible. It is also obvious that 
improved packaging for the Hail cell integrated 

circuit may eliminate the desirability of recessing ~ 

the package in the magnet. Only tiie preferred 40 
embodiment is illustrated and described herein. 



means 



shape, said rriSShs including flux concentrators of 
soft iron material secured to said magnet and one 
of which is positioned on each side of at least a 
portion of the planar face of said Hall cell, char- 
acterized in that a first flux concentrator is posi- 
tioned on a first planar skje of said Hall cell such 
that said first flux concentrator has one end even 
with the center line of said Hail cell, thereby bering 
adjacent to and spaced apart from a first half of 
said first planar side of said Hall cell, and a second 
flux concentrator is positioned on an opposed sec- 
ond planar side of said Hall cell such that said 
second flux concentrator has one end even with the 
center line of said Hall ceil, thereby being adjacent 
to and spaced apart from a second half of said 
second planar surface side of said Hall cell. 

2. A sensor as claimed in Claim 1. character- 
ized in that the first flux concentrator Is substan- 
tially parallel with the first half of said first planar 
side of said Hall cell, and the second flux con- 
centrator is substantially parallel with the second 
half of said second planar surface side of said Hall 
cell. 

3. A sensor as claimed In Claim 1 or 2. char- 
acterized in that said Hall cell is partially recessed 
In said magnet. 

4. A sensor as claimed in Claim 1, 2 or 3, 
characterized in that said flux concentrators have 
the same height as said Hail cell. 



Claims 

45 

1 . A gear tooth sensor to sense the presence 
or absence of gear teeth or similar shapes as they^~ 
rotate past a sensor, comprising: 
a single permanent magnet; 

a Hall cell integrated circuit positioned adjacent to so • 
one polar end of said magnet such that the flux 
lines from said magnet have essentially no compo- 
nent perpendicular to the planar face of said Hall 
cell; 

means to steer and concentrate the flux lines of ss 
said magnet perpendicular to the planar surface of 
said Hall cell when said flux lines are modulated by 
the presence of a ferrous gear tooth or similar 
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0 Non-Oriented gear tooth sensor using a Hall cell. 

® A non-oriented direct coupled sensor (26q for 
gear teeth or similarly shaped discontinuities of a 
ferromagnetic target uses a single magnet (30) and a 
direct coupled Hail cell integrated circuit (34) to 
detect the presence or absence of gear teeth. The 
<J sensor (26) incorporates techniques for flux steering 
and flux reversals independent of the orientation of 
gQthe sensor to the target to overcome the operate or 
^release point of a Hall switch, latch or other device. 
^The use of spaced apart, offset flux concentrators 
1^ (d2a, 32b) provides a sensitive device with favorable 
^tolerances in temperature and air gap. 
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